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Introduction
Parasitic hymenoptera most commonly found attacking muscoid
flies in accumulated animal and vegetable wastes are species in the
genera Spalangia and Muscidifurax
,
with some being cosmopolitan in dis-
tribution (Abies and Shepard, 197^a; Kogan and Legner, 1970; Legner and
Greathead, 1969; Legner and Olton, 1968, 1971; Legner et al., 1967).
Most parasites are confined to top layers of the pupal substrate, how-
ever, a house fly pupa parasitized by Spalangia endius Walker has been
recovered from a depth of 8 inches (20.3 cm) (Morgan et al., 1976).
Morgan and Patterson (1975) reported that of all protelean parasites
of muscoid flies, S. endius has the best ability to locate and parasi-
tize its host.
Legner (1977) demonstrated that moisture, temperature, and rela-
tive humidity have an effect on the ability of S. endius to parasitize
its host, but S. endius consistently penetrated to a depth of k cm in
an experimental wheat flakes habitat. Many authors have remarked about
how well S. endius located its host compared to other protelean para-
sites (Abies and Shepard, 1974b; Legner, 1969, 1977; Morgan et al.,
1976; Morgan and Patterson, 1975; Weidhaas et al., 1976) but their
statements are not directed to the environment of the house fly.
This study was conducted to determine the ability of S. endius
to parasitize the house fly, Musca domes tica L. , as related to depth of
pupae and compaction of the substrate within the host environment. In
2addition, pupal depth and substrate compaction were studied to deter-
mine the range in which house flies could complete their life cycle.
Materials and Methods
Field Study
The field samples of pupal substrates were taken with a T-shaped
probe 2.5 cm dia. in feedlots at Garden City and Hugoton in southwest
Kansas and the K.S.U. Beef Research Center at Manhattan, Kansas. Each
soil sample was taken to a depth of 30.5 cm when possible. The soil
core was divided into 2.5 cm units and house fly pupae were extracted
from each unit by floatation and recorded. A total of 65 samples were
taken in high density fly pupation areas from four feedlots.
Laboratory Study
Depth and compaction studies were conducted in metal cans 20.25
cm.h. X 17.8 cm dia. A pupal substrate consisting of 1 part freeze dried
bovine manure and 2 parts dried corn ensilage was used. This ratio was
developed in preliminary experiments. The pupal substrate was mixed
in a 208 liter (55 gal.) barrel and al iquots placed in the metal cans.
Enough substrate was placed in each container to allow 2 cm of sub-
strate below the lowest pupal depth and h cm above the substrate for
flight area of the parasites. One hundred house fly pupae (Musca domes-
t ica L.) were then placed at one of the following depths: 0, 2, k, 6,
8, 10, 12, and 1^4 cm. House flies were reared using the C.S.M.A. pro-
cedure. When pupation began, 12-24 hr. old pupae were selected from the
population and placed in the substrate at specified depths. The sub-
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strate was then compacted at levels of 0, 20.3 X 10 , 40.6 X 10 ,
60.9 X 10~ 3 , and 81.2 X 10~ 3 nt/m2 by suspending lead bricks of 0, 12,
2k, 36, and 48 Kg., respectively, on a compaction device that consisted
of a lever press. The lead weights were suspended on the compaction
device for 2 minutes for consistency of treatment.
Twenty adult female S. end? us were placed on top of the substrate
and honey provided ad libitum. Each can was covered with muslin cloth
and held in place with 2 strong rubber bands to prevent parasites from
escaping. The parasites were supplied by Dr. Philip Morgan, U.S.D.A.
,
Gainsville, Florida.
A Factorial design using 3 replications blocked through time was
utilized, with each replication consisting of a combination of 8 depths
and 5 compactions. A total of 80 treatments were used, kO which con-
tained parasites and kO without parasites. All cans were placed randomly
on 3 shelves in a rearing room maintained at 2k° C, 50% R.H. The cans
were held until all adult flies emerged and the number of adult flies
recorded. Pupae were then extracted from the substrate by flotation and
those that did not eclose were dissected to determine if parasi tization
occurred.
Natural mortality was defined as death at Kg compaction and
cm depth with no factors influencing adult emergence. Mortality induced
by compaction and depth was considered to be pupae that did not eclose
combined with adults which eclosed from the pupal case but died before
reaching the surface.
The flow charts in fig. 1 illustrate the possible effects compac-
tion and depth exert on house fly pupae with and without the introduction
of parasites. Analysis of data was conducted by Analysis of Variance
and Duncan's Multiple Range Test.
Fig. I. Flow chart showing effects of substrate compaction and
depth of pupae on house fly emergence.
Fig. II. Flow chart showing effects of substrate compaction and
depth of pupae on house fly emergence. S. end i us intro-
duced.
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Results and Discussion
Field Study
Depth of pupae in the substrate and compaction of the substrate
are two factors which can affect the success of house fly development.
A survey of representative fly developing areas in Kansas feedlots
showed 91.7% of the pupae sampled were found between depths of 2 and
7.5 cm with the optimum being 5 cm (Fig.lll). Determination of the
degree of compaction of field samples was not feasible. The apparent
reasons for flies pupating below the surface are to reduce desication
and/or to reduce the possibility of attack by predators and parasites.
In feedlots fly pupae are found along feed bunks, fence rows, and in
pens where cattle do not step. These areas are characteristically
undisturbed and moist.
Depth and Compaction without Parasites
The effects of compaction and depth without parasites on house
fly pupae are shown in tables 1 and 2. As compaction and depth increase
the % induced fly mortality increases and the % adult fly emergence
decreases. In table 1 the upper levels of compaction and depth (48 kg
and \k cm, respectively) produced a mortality of 86.67% and the lower
level, compaction and 2 cm depth, produced a mortality of 19.67% which
indicates the treatment range is adequate for this study.
Depth and Compaction with Parasites
The effects of compaction and depth on the ability of S. endius
to parasitize its host are shown in tables 3, 4, and 5. As compaction
Fig. III. House fly pupation in feedlots at various depths.
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Table 1. Average percent house fly mortality at different levels of
substrate compaction and depth of pupae.
Comp action (kg)
1112 24 36 48
Depth (cm) % Induced Morital ity Depth X
9.7 - - - -
2 19.7 19.8 40.5 45.5 57 36.5 a
4 20.0 51.3 44.1 62.3 60.3 47.6 ab
6 44. 7 59.7 64.0 59.7 68.7 58.7 b
8 51.1 57.4 58.7 60.5 66.0 59.3 be
10 29-3 53.9 65-3 65.6 83.2 62.1 be
12 41.6 67.3 67.3 76.1 93.3 66.5 cd
14 50.1 75-7 82.2 83.3 86.7 75.6 d
Compaction X 36.63 54.99 60.32 64.72 73.61
a
b b b
c c
Percents followed by different letters are different at 5% level of
significance.
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Table 2. Average percent adult house fly emergence at different levels
of substrate compaction and depth of pupae.
Compaction (kg)
12 24 36 48 11
Depth (cm) % Adult Fly Emergence Depth X
90.3 - - - -
2 80.3 80.2 59.8 54.4 43.0 63.6 a
4 80.0 48.7 55.9 37.7 39.7 52.4 ab
6 55.3 40.3 36.6 40.3 31.3 41.3 be
8 48.9 42.6 41.3 39.5 34.0 40.7 be
10 70.7 32.7 34.7 34.4 16.8 37.9 c
12 58.4 56.1 32.7 20.5 6.7 32.9 cd
14 49-9 24.3 17.7 16.7 13.3 24.4 d
Compaction X 63.37 45.0 39.73 34.8 26.4
a
b b
c c
d d
Percents followed by different letters are different at 5% level of
s ignif icance.
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Table 3. Average percent house fly mortality at different levels of
substrate compaction and depth of pupae. S. end i us intro-
duced.
Compaction (kg)
Depth (cm)
12
% In
24
duced Mot
36
-tal ity
48 11
Depth X
1.7 - - - -
2 14.3 26.8 29.0 41.5 40.8 30.5 a
4 28.1 61.3 62.5 65.0 65.4 56.5 b
6 35.8 45.5 61.7 54.9 66.5 52.9 b
8 30.3 48.0 60.4 74.6 63.4 55.4 b
10 38.9 61.0 68.6 71.9 76.5 63.4 be
12 42.3 70.4 74.0 82.0 95.3 72.8 c
14 48.6 71.0 73-0 81.7 92.3 73.3 c
_IJ_
Compaction X " 34.04 52.38 61.33 67.38 71.48
b b
c c c
Percents followed by different letters are different at 5% level of
significance.
\k
Table k. Average percent house fly pupae parasitized by S. endius at
different levels of substrate compaction and depth of pupae.
Compaction (kg)
12 2k 36 48 11
Depth (cm) % Parasitized Pupae Depth X
93.7 - - - -
2 70.3 23.4 34.4 13.7 3.7 29.1 a
k 38.8 5.3 .7 1.3 1.3 9-5 b
6 6.1 0.0 .7 0.0 .7 3.1 be
8 13.5 1.0 • 7 • 3 0.0 1.5 c
10 0.0 0.0 .3 0.0 0.0 .4 c
12 0.0 .k .3 • 3 0.0 .1 c
]k
.7 0.0 0.0 0.0 1.0 .1 c
_IJ_
Compaction X " 18.49 8.64 5.3 2. 24 .96
a
b b
c c c
Percents followed by different letters are different at 5% level of
significance.
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Table 5- Average percent house fly emergence at different levels of
substrate compaction and depth of pupae. S. end i us intro-
duced.
Compaction (kg)
Depth (cm)
12
% Adult
24 36
Fly Emergence
48 11
Depth X
4.6 - - - •
2 15.3 50.2 36.6 44.8 55.5 40.5 a
4 33.1 38.1 36.8 33-7 33.2 35.0 ab
6 58.1 54.5 37.6 *5.1 32.8 45.6 a
8 56.2 51.0 38.9 25.0 36.6 41.5 a
10 61.1 39.0 31.0 28.5 23.5 36.6 ab
12 57.6 28.5 25.7 17.7 3.7 26.6 b
14 50.8 29.0 27.0 18.3 7.7 26.5 b
Compaction X 47.47 39.57 33.37 30. A3 27.57
a
b
c c c
Percents followed by different letters are different at 5% level of
significance.
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and depth increase the ability of S. end i us to parasitize house fly
pupae decreases. The analysis for percent induced mortality showed
depth and compaction to be significant factors. Greatest differences
were between means of 2 to k cm depth and to 12 kg compaction. The
differences beyond these levels were not as great and this is shown
with Duncan's test (table 3). The introduction of S. endius did not
have a significant impact on induced mortality.
The analysis of percent parasitized pupae showed an interaction
between depth and compaction. Parasitism was best achieved with zero
compaction not deeper than h cm. These results coincide with Legner
(1977) as he discovered S. endius consistently penetrated a wheat flake
substrate to a depth of 4 cm. Morgan et al. (1976) found a pupa which
was parasitized by S. endius at a depth of 8 in (20.32 cm) which also
coincides with this study because parasitized pupae were found at depths
of 14 cm (5.5 in) with a compaction of 48 kg, however, no significant
results were recorded at these levels. Compactions greatly reduced the
effectiveness of the parasite and significant parasitism occurred only
to a compaction level of 12 kg and not deeper than 2 cm. The inter-
action occurred between depth and compaction because increases of both
compaction and depth compounded the problem S. endius encountered in
penetrating the substrate.
The analysis of % adult fly emergence indicated depth and com-
paction were significant variables and also showed an interaction.
Duncan's test could not detect significantly different ranges of fly
emergence because of the impact S. endius had on emerging flies at low
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compaction and depth levels. At low levels of compaction and depth a
low level of emergence was achieved and as the compaction at low depths
increased adult fly emergence also increased (table 5). These results
are caused by the penetration and parasi
t
ization ability of S. end i us .
S. end i us had no effect on adult fly emergence at depths of 6 cm and
beyond and adult fly emergence in this range was comparable to the un-
parasitized study (table 2).
In feedlot situations a 435 kg steer would produce approximately
3 times more compaction on a dry substrate than was produced in this
study. This is one reason house fly pupae are not found in the middle
of feedlot pens. Compaction of the pupal substrate could be achieved
in several ways: by a highway roller, by a sheeps-foot roller, by using
portable pens and moving them to allow cattle to walk on the substrate
which is along fence rows, or by a combination of these. Adult fly
emergence can be reduced with compaction of the pupal substrate.
The release of S. endius in areas where compaction is not feasible
will also reduce adult fly emergence. Areas refered to are around feed
bunks, drainage ditches, and permanent fence rows. Further studies of
compaction and the release of S. endius need to be continued in feedlots
to determine their feasibility in controlling house flies.
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Abstract
Comparisons of various levels of compaction and depth of a simu-
lated substrate were studied to determine the ability of Spalangia
end i us (Walker) to parasitize house fly pupae (Musca domestica L.)
.
The optimum adult house fly emergence occurred from depths of 2-k cm at
all compaction levels. As compaction and depth increased, mortality
induced by these factors also increased but adult fly emergence decreased.
The introduction of S. endius to the treatment showed a significant reduc-
tion of emerging adult flies at lower levels of compaction and depth,
however, there was no significant reduction in fly mortality. Compac-
tion influenced the penetration ability of S. endius and no significant
parasitism occurred in compaction and depth levels greater than 12 kg
and 2 cm, respectively. As compaction and depth increased, the penetra-
tion and paras it izat ion ability of S. endius decreased. Optimum penetra-
tion and parasitism occurred at a compaction level of kg and depth of
k cm.
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Review of Literature
Control of disease-bearing or annoying insects has depended on
a variety of methods including sanitation, source reduction, other physi-
cal or mechanical measures, insecticides, quarantines, and naturally-
occurring biotic agents (LaBrecque, et al., 1975). When insecticides
were developed they rapidly reduced dense populations but resulted in
other problems such as resistance of insects to insecticides and environ-
mental residues. The over-use of insecticides has led researchers to an
integrated approach of control and along with this more emphasis is
being placed on biological control.
Spalangia endius (Walker) is a hymenopterous protelean paras itoid
of muscoid flies. An insect can be termed protelean and parasitoid only
if the immature stages are parasitic and only if the parasitism results
in death of the host (Askew, 1971). Other members of this group are S.
cameron i
a
(Perkins), S. nigra (Latreilla), S. nigroaenes (Curtis), Musci-
difurax raptor (Girault and Sanders), Mormonella vitripennis (Walker),
Pachyrepcideus vindemiae (Rondani), Nasonia vitripennis (Walker), and
Tachinaephaqus zealandieus (Ashmead). There are predominantly four spe-
cies in the western hemisphere which use M. domesticus (L.), Stomoxys
calcitrans (L.)
,
Fannia canicularis (L.)
, and Fannia femoral is (Stein)
as hosts. These parasites are M. raptor
, S. cameroni , S. endius
,
and £^_
nigroaenea (Legner, et al., 1967). Of these four parasites S. endius is
seriously being considered for control of the stable fly (Stomoxys cal -
citrans L.) and the house fly ( Musca domes tica L.) because of its host
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specificity, ease of rearing, low cost of production, and safety to the
environment when compared to chemical control. A million parasites can
now be produced for $500.00 with the major cost due to labor and mater-
ials required to rear the host (Morgan, et al., 1976b). According to
Morgan and Patterson (1975a) Spalangia endius (Walker) has the best
ability to find and parasitize its host when compared to all other pro-
telean parasites of muscoid flies.
Life History
The female $. endius is ready to mate and oviposit immediately
upon emergence of the host pupal case. When parasitizing pupa the female
proceeds through k distinct phases: finding the host area, finding the
fly pupae, drumming and drilling, and ovipositing and feeding. Once the
pupa is located, she examines the surface by drumming and tapping it
with the tips of her antennae (Morgan, et al., 1976a). If she is satis-
fied, she taps the puparium with her abdomen which places the tip of the
ovipositor into position for drilling. However, Legner and Gerling
(1967) report there may be detection of a previously attacked host by
some external stimuli and therefore rejection may occur.
Oviposition will take from 10 min. to 1 hr. and when she pierces
the puparium, one egg is deposited between the pupal case and fly pupa.
After oviposition the female obtains proteins necessary for optimum egg
production by ingesting exuviants of the oviposi tional wound (Gerling
and Legner, 1968). Within 33*35 days the parasite will develop from egg
to adult and completely destroy the developing fly (Morgan and Patterson,
1975a; Edwards, 1955).
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Larval Development
Development of the embryo requires 2-3 days, after which the
fully formed 1st-instar larva is clearly visible through the chorion.
Eclosion is through the anterior of the egg. Once eclosed, the larva
stands erect on its hind segments on the host and moves its head and
thorax to and fro before crawling.
The first- instar larva has 13 body segments and 9 pairs of
spiracles; its body is about 1 mm long and tapers from the third thora-
cic segment to the pointed last abdominal segment. The cuticle is trans-
lucent and the digestive tract, particularly the light-brown mandibles
and gut, is clearly visible.
Feeding sites of the first and second instar larvae are under the
wing pads of the fly pupa, in the cleft between the thorax and head, or
near the legs rather than on the dorsal abdominal and thoracic regions.
The second- instar larva develops from the 7th to 10th day after the egg
is deposited. Like the first-instar it has 13 body segments and 9 pairs
of spiracles. The mouth appendages include a pair of mandibles and a
ring-like sclerite which provides apodemes for mandibular articulation.
The third-instar larva is easily recognized by 2 longitudinal
rows of 11 tubercles, a row latero-dorsal ly on each side of the body.
Large mandibles and other oral sclerites are clearly visible and can be
studied in detail after being shed. Most third instar larvae feed on
the dorsum of the fly pupa and often more than 100 brown feeding marks
on the house fly pupa were observed by Gerling and Legner (1968). The
third instar larva terminates its wanderings on the dorsal service of the
thoracic and cephalic regions where it transforms into a pupae.
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The pupal stage averages 1
5
—
1 8 days depending on whether male or
female. Future adult appendages are recognizable in young pupa and
melanization occurs gradually. Pupae are usually white until the 11th
day and then melanization occurs. Male pupae are usually melanized by
the 10th day but females are usually still white until the 11th day.
Morgan and Patterson (1975a) concluded that the average progeny
of S. end i us is 3.4-9.6 per day on 1-2 day old house fly pupae and has
the potential of parasitizing 36.7 hosts in its life span. The total
number of pupae parasitized by a female S. endius is directly correlated
with the density and size of the host (Wylie, 1967; Legner, 1969). Each
female when mated produces a sex ratio of 2 females to 1 male. Unmated
females only produce male offspring and the average life-span of a
female is 3 - 88 days (Morgan, et al., 1976a).
S. endius is most abundant and active during the hottest periods
of the year (Legner and Brydon, 1 966) . During this period (June to Sep-
tember), it predominates because of high survival rates and good search-
ing capacity (Legner, 1967; Abies and Shepard, 1 974 ; Abies, et al., 1976)
However, S. endius is not effective during the early spring and fall
because of its low tolerance of cold (Legner and Brydon, 1966).
Many studies have been conducted with the release of S. endius
in areas where high populations of house flies exist (Morgan, et al.,
1976b; Morgan and Patterson, 1975b; Morgan, et al., 1975; Mourier, 1972).
Monty (1972) concluded that even though S. endius was well established
within a population of house flies, it still could not maintain itself
at densities high enough to effectively control fly populations. Morgan
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et al. (1976b) solved this problem by weekly releases of laboratory
reared parasites and was able to completely suppress a house fly popula-
tion in a poultry house within 35 days. Many other reports have been
published to substantiate the effectiveness of S. end i us in controlling
house fly populations (Abies and Shepard, 1976; Legner and Brydon, 1966;
Legner and Detrick, 1972; Legner and Greathead, 1969; Legner, et al.,
1965; Morgan, et al., 1975a; Weidhaas, et al., 1976).
Past failures in the release of S. endius occurred when inade-
quate numbers were released because of poor estimation of the natural
fly population (Knipling, 1972). Population sampling and estimation of
populations are areas which need attention before effective control of
the house fly can be obtained with the release of parasitoids.
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Optimum Moisture Content
Materials and Methods
A preference test was utilized to determine the optimum moisture
content for house fly pupation. Ten grams of freeze dried bovine manure
was reconstituted to one of the following moisture contents: 80, 60,
40, 20 and 0%, and all moisture contents placed in a plastic container
15.24 cm dia X 3 - 8 1 cm.h. The different moisture contents were separ-
ated by aluminum foil boundaries which did not extend high enough to
limit migration of the larvae. A 35 mm. dia. X 10 mm.h. petri dish,
containing saturated C.S.M.A. and 25 third-instar house fly larvae, was
placed in the center of the reconstituted manure. The C.S.M.A. was
saturated with distilled water to force the larvae from the petri dish
into the reconstituted manure.
A plastic lid with a 2.5 cm dia. hole in the middle was used to
cover each container and regulate the humidity within the container.
The treatments were placed in a growth chamber and held at 26° C and
60% R.H. until all larvae had pupated for 24 hrs. The house fly pupae
were removed from each substrate by flotation and recorded. Six repli-
cations, blocked by treatments, were utilized and analysis was conducted
by Analysis of Variance and Duncan's Multiple Range Test.
Results
The analysis showed a significant difference at the .05 level
between moisture contents; however, the Duncan's test could not dis-
tinctly separate moisture contents. This happened because some of the
35
larvae would pupate on top of the substrate and not within it at high
moisture contents (table 5).
Another study was conducted in the same manner as the previous
test, using 9 replications and reconstituted manure with 0, 20, and
k0% moisture contents. The analysis of this data showed significant
difference between 0% and 20% moisture contents but not between 20% and
k0% moisture contents. This study showed that house flies will pupate
in any moisture content of the substrate, however, a dry substrate is
most preferred (table 6).
136
Table 1. Number of pupae found in each different moisture content.
% Moisture Content
20 k0 60 80
Repl i cat ion # No. Pupae/substrate
1 9 2 11
2 12 k 1 1 3
3 2 k k 2
A 6 3 6 7
5 5 2 12 3
6 8 3 7 1
11
X 7.0 5.3 . 2.7 2.3 .8
a a
b b b
c c c
Percents followed by different letters are different at 5% level of
signi f icance.
.
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Table 2. Number of pupae found in each different moisture content.
% Moisture Content
Replication § No.
20
Pupae/s ubstrate
ko
6 2 15
14 1 k
20
2 6
1
15 8
18 k 2
14 8 3
11 \k
12 11 2
1
2
3
it
5
6
7
8
9
_IJ_
X 13.8 5.6 3-7
b b
Percents followed by different letters are different at 5% level of
significance.
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Optimum Pupal Substrate for Parasitism
Materials and Methods
Four types of pupal substrate, soil and manure, soil and ensilage,
manure and ensilage, and manure and ensilage and soil, were utilized in
this study. The substrates were made by mixing equal parts, by volume,
of each material. Each substrate was placed in metal cans 17.8 cm dia.
X 20.5 cm.h. to a depth of 3 cm and 100 house fly pupae, 12-24 hr. old,
were placed at a depth of 1 cm within the substrate. House flies were
reared using the standard C.S.M.A. technique.
Twenty female S. endius were placed on the surface of the sub-
strate along with a droplet of honey to supply nurishment for the para-
sites while searching for house fly pupae. Each metal can was covered
with muslin cloth and held in place with 2 strong rubber bands to keep
parasites from escaping.
Four replications were utilized and each replication was blocked
by treatments. A total of 32 cans, 16 with parasites and 16 without
parasites, were placed randomly on 3 shelves in a rearing room and held
at 23° C with 50% R.H. The treatments were held until all adult flies
emerged and died and adult fly emergence was recorded. Pupae which did
not eclose were extracted from the substrate by floatation and dissected
to determine if parasitism occurred. Analysis of the data was conducted
by Analysis of Variance and Duncan's Multiple Range Test.
39
Results
The analysis showed parasitism was significantly different
between the pupal substrates. Duncan's test showed the best parasitism
was achieved with a substrate composed of ensilage and freeze dried
manure (table 7).
ko
Table 3. Percentage of pupae parasitized by S. end i us in various com-
binations of substrate.
Repl i cat ion
Substrate
1 2
% Pupae
3 h
Parasitized
11
X
97 95.9 97 92.1 95.5 a
82.1 86 85.1 80 83.3 b
76.8 70 75.5 hS 67.8 c
5 A 3.2 1 k.8 d
Ensi lage & Manure
Ensilage & Soil & Manure
Ensi lage & Soi
1
Soil 6 Manure
Percents followed by different letters are different at 5% level of
signi f icance.
in Hugoton, Kansas.
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:m units at Redd Beef Feeders
Depth of Pupae (cm)
2.5 5.0 7.5 10 12.5 15.0 17-5 20.0 22.5
Sample # Number of Pijpae Found
1 2 2 1
2 2 1
3 5 5 1
ft 2 17 1
5 ft 6 1 1
6 7
7 3 15 6 1 3
8 15 16 1 1
9 29 3 1 1 1
10 7 1 o 1
11 13 12
12 6 6 h 1 1
13 1 18
1ft 11 k 8 2
15 1 11
Total 9ft 131 25 5 1 2 ft 1
X 6.2 8.73 1.6 • 33 .067 .133 .267 .067
kz
Table 5. Number of pupae found in 2.5 cm units at the Beef Research
Center at K.S.U., Manhattan, Kansas.
Depth of Pupae (cm)
2.5 5.0 7.5 10 12.5 15-0 17-5 20.0 22.5
Sample § Number of Pupae Found
1 5 6 5 1 2 1
2 6 1 2
|
3 16 8 6
4 11 6 6 2 1
5 k 1 6 16 1 - - -
6 2 12 9 1 - - - - -
7 2 1 1 - - - - -
8 2 k - - - -
9 1 3 1 1 - - - - -
10 1 U 2 2
11 8 1 1 - - - - -
12 2 5 1 3
13 22 8 1
14 4 2 2 3
15 2 2 2 1 3 2 1
16 3 6 3 — - - - -
17 5 2 - - -
18 3 7 3 2 1 1 1
19 4 11 7 2
20 2 6 4 1 - - - - -
21 6 12 4 3
22 9 11 3 3 2 1
23 2 2 - —
-
-
- -
-
2k 3 2 - - - - -
25 7 9 k - - - - -
26 2 2
.
-
-
_ m
Table 5. Continued.
^3
Depth of Pupae (cm)
2.5 5-0 7.5 10 12.5 15.0 17.5 20.0 22.5
Sample # Number of Pupae Found
27 k 3 - - - -
28 3 6 3 - - - -
29 5 2
30 7 10 k 2 1
Total 135 178 81 hi 13 6 1 1
X 4.5 5.9 2.79 1.6 .62 .35 .067 .067
Tat-ilo t\ Niimhar r\f nnnap fn 1 1 n H in ^ rm unitQ at Finn*»v Cn. Ffiedvard.
Garden City, Kansas
Depth of P upae (cm)
Sample #
2.5 5.0 7.5 10
Number
12.5
of P
15.0 17.5
upae Found
20.0 22.5
1 5 A » - -
- -
2 9 11 2 3 - - -
3 3 A - - - -
k 1 2 - - -
5 1 9 2 2 - - -
6 5 2 - - - -
7 1 3
8 7 5 1 - - -
9 4 8 3 1
10 6 9 7 3 1
Total 36 56 22 9 1
X 3.6 5.6 2.2 .9 .11
45
Table 7. Number of pupae found in 2.5 cm units at Bonita Beef, Garden
City, Kansas.
Depth of Pijpae (cm)
Sample #
2.5 5.0 7.5 10
Number
12.5
of Pi
15.0
jpae Foun
17.5
d
20.0 22.5
1 3 1
-
- M « - M
2 2 3 1
3 8 27 17 6 1
h 3 A 2 3 3
5 2 1 1 2
- - -
6 1 5 - - - -
-
7 A 9 3 1
- - -
8 2 1 k 1
9 6 11 k 3 1
10 1 3 3 2 1
Total 30 63 37 18 7 1
X 3.0 6.3 3.7 1.8 • 7 .1
-•
•
•
^6
>-
4-1
, ^_
4J 10
(0 4-1
Z.l-
eo j rs — \£> <sl
CM CM —
^ N CO
r-. u"» •—
cn en en
vO vD —
--r-.cn
.3- CM «-
CO CM CM
-3- vO —
— CM CM
o
t* 2:
VI _
3 o V
fa.
o 4J c
c
V
c
o
>- ID
— C71 — \£> CO
COCO CO
CTi-3- CO
1— r--co
\C> i/\ CO
\£> CO CO
cn cm r>-
CM UACO
K)NO
cm coco
r»- co —
lAr-CO
cn r-»
-T coco
cn p~. co
cm cn co
«1
UJ
4-
o
•O
'
>. 9
4J « i-
ja
re «
c. >
3C U
o\oo
CO O C
000000 OOOOOO -3-OOO somcn cn 00cn r-co cncn cn cn
-= cn
cn cn
IB
JB
w
c -O
o 1)
in U —
4-"
u
CJ 4-1
co co r-~-r O co co cn CM O vO r^ — —cn OOO OOO OON
"E m en co comd *s\ CM •— vO tm
u. 3 10
<*• Z l-
V 10
o.
-C
4->
a. >-
UJ 4J
TJ
. r—
(0
XI
1)
N
4-1 re
re 4J
z l-
cm cm — co cn —
CM •-
r^ r-~
cn-T
N N "
-3- LTV —
O co —
-5- cn —
O — vO r-» cnooj- i/\ t-
«- co <j\
3 •—C 4J 3:
•o «
c re
IC Q c
c
o
B. >-
— 0)
ii- -
O O -J ONtTl
CO
-T — -3"
coj- CM
co vO co
-T -3" CO
cn •— f~-
r- VD CO
— cn-3-
r-. cm co
r-~ — cm
J- -3' co
LT\ CM CO
in cm r^
4-> O
u B
CO UJ ~
a
-0
o 4)
4-J C
<U fa.
re a
c >
—000 000000 en Oen r--coon en cncn cn — OOOO
j- O
cn O \Dcn
ID Q 3 •— ^— r— — •— »— r— •— "^
i- a £- U
J-i 3 V ,
m a cc
-O
3 >. ,
m — *-»
u- B
u. u
t>
^-^
>. 3 .c CM d» NO CO CM J-
o O *J •
3 j: a
4-> V
in u
N
i_ —
*-"
u- •—
in ^~v
10 10
*j - je
(0 <0 *~*q a *
c O O O O O O
•—
00 4J
V ID _
O.
jO 6
10
(- O
•
»
••
'
<»7
>- ,
*J
, _
2 >-
— — \fi cn m r*^
»- cm «-
CO -3" O
00 14-V —
m — CO
envo •-
CO J" CO
CnvD
n^co m
enco —
lAOlft
\D r—- CM
\D cn co
enco m
O
s
%
u
c
.
c
u
>- o
— en
U. u
V
E
Ul
V
11 >-
Cn Cn-3-
CO CO <X\
— r^ —
CO %aj O v£> O•- -r cn cn cmmoo O vO Om en O
— r-»
— CO
— — SO
m m r-
O — CM
— vO
(D 4)
a >
3
OOOOOO 00en cocn moocn 00 00cn en rv<nocn cn
—
—
cn O O cn
0. U ^ •— *— ^- ~- ** ^ ^ •—
41K
•o
4)
N
V- .—
4) ~j
.Q — \0 CO CM o\rN j- O CM -3- 000 m OOO O O — OOO
B * cn on l"» — CM CM •~
'
D 13
"
Z l-
n>
o_
>-
*-»
•o •—
4) • »—
N 4-1 TJ
CO *-*Z 1-
— r~ -=- in CM CM
cn v£> cm
in mo
cn cm —
in in cn
cn cm —
mo e'-
en so —
cn r-»-3-
cn r- m
J IAN
enco cm
o
VI 2:
ro
l»
ra 41
0- U
C
> 4)
— Ol
U. -
—
—
CM -31 m v£>
J- VD J"
CM CO
O 00 m
r~-co
in co
r-- r--
O -3- m
mco
cn cm
CM \0
O -T CM
4)
E
Ul
-
•
•O
41
1) >-
ID 4) VD O O
en
OOO
cn
in
cn
in co cn
cn cn cn
moo
cn
moo
cn
in cn
cn cn
-3- cn cn
cn <n cn
H O
0. u
4) *
K
.
^^
• £
.c CM -3- vO 00
T
«N -3-
a
41
a a
o .
01
3
C
tmm ^~*
w en
c JC
o ^-^ .U
c
CM CM CM CM CM CM CM CM
,
•— • *~ *~ ^~ •"
•
00
4)
ja
o
4J
O
a.
£
O
•
•
•kZ
'
>-
1
w *
•— •
• pa
*j re
2 >- CO
NN m m m
IA-T — CT> CM —
OON
m r»- cm
tnrsm
m — cm
co co oo
m r-» — cnoo —
— cm in
m m in
o
a:
pi
o «
h_ o
44 c
c
o
>- 4)
— en
u. u
8
tu
o
4>
4) t-
CM m CO
oo co co
— co en
J- 1AI
—
m m m
r--co
O O CO o f^ -~
in r»
O CM CM
CM CO
o in m
— CO
o co in
-T
o. >
3
o o o
o o o
m -- comom o o a\oom vD O Omo o
moomoo CO O Oen o o
-TOO
en o O
— o Om o o
C O •—»—•— ** *• *~ ** *"* -
m
cc
-a
4>
N
u •—
.o — cnm-7 cm en cm O O CM O CM O O O CM o © — O O '- o o o
£ m m m m — — r^
3 Q2 »- .
<T)
0-
>-
4->
" T3
• #•-•
N
2 l- O LA-T
m o r-.
-3- m
CT\ m-Tmo cm vO -T
—
m vo cm
j- to co
0~>M1> •—
.3- — in
m f^ m
IftvOvC
mco en
VO — CO
mco f>
O
tn Si
re
L.
<D 4>
"
0-
c
>- 1)
u. -
O CM CM r~- — —MIAN O vO -T o -T
en orsos o en-3-
CM \S
O -T rn
— \0
o m cm
•- vO
S
E
UJ
.
•
o
01
4) L.
re o
a >
3 o
moofflOO CO o omoo m m Ocnoo
o o omo o -T O
CO
m o en
-TOO
m o o
moo
en o o
\D o o
en o o
a. u
4)
C£
^_^
u
"
—
'
o CM ^r MS CO • o CM
-3-
X
*j
a
4)
• B
o
i '3
C
4-f Dl
C K
o ^*
CJ
c
o
CM
-T -3- -3" • .a- -3-
-3-
-T
, CM CM CM CM CM CM
CM
CO 4-*
u
4) ID ,a
£> E
"
(0 .
1
r- o
•
.
• •
•
•
•
•
kS
>-
M
•—
• ~-
(5 .wZ J-
a:
ca r~- —
CM CM
CA CM LA
\£> la <—
on — r-.
en r-» •—
CO — CO
on in cm
LA LA vO
cn^r m
on LA CAOlvOM CO CM LAO M3 VO co o oonco r~
_
o u
u u
«vj c
c
— CT>
U. L.
41
E
Ul
o
0)
4) L.
1— CA CA O CO vO
CA-3- CO
.- CA CA
CM CO
o en cm
-3- r-»
O -3" «
LA vO
o r-~ r-»
CA vO
O CO CA
CA CM
o o o
CM CA
Q 4)C >
3 O
0. U
o o o
o o o
(Tv O —
CA O O COOo o o CO o oen o o la on oon on o on cm oon o o CO O COO O CA CO o oon o o
0)B
T3
i
N
V. —
0) *->
a> nvd CM r*» CM O -T O o o o O © — O o O O O — o o o
"£ ui CA CACO CM —
3 nj
z --
co
•
0-
-
>
4-1
a •—
01 • —
N
co *-»
Z L.
O en vO J o o
\D -S- CM
O la oO vO **< CO on
LA
on m cm
-r -=• O
on co -j
la vo on
en co cm
on on r--
enco la
ovomO CO LA
,— K*
M 3C
IS
l»
ro 01
0- o
c
>- o
•— O CO Mm« O — O O en la Ovo tn O -a- O O — CM O -T —
u. - C^f^vD m r-» la r~- — LA •" r^
1
E ,
id
•a
CI
4) i_
m it
a >
3
mooooo en o oen o o O O OO O o
00 CO o
on en o
J- o O
on o o
LA O CO
on o en
en o o
on o o
O O OO O O
o. u
4) ,
a!
.
^~
E
o
j*
o CM -T \0 CO O CM -3-
4-f
a.
4>
•
a o
-o
3
C
«J C71
_
c J£
*—
'
o
c
o vO \0 vO vO o vO vT> \0
, ca m CO rf\ ca CA rA CA
CO
L>
4> fl)
a.
XI E
10 O
t- u
•
•
50
>
•
4-1
a ,»
— O I*» -=• r-. o vO C"> CM OJT- o-\ cn cn vO — CO C MN -TOOZ - cn in cm CTlvO •- £J\NM 0~i\0 CM en co \o enco cn <noMx
o
%
_ 41
ub C
C
>• 4)
— C"> Cn-3- <*\ vO r*"> O O — CO O IACO o — — o cn — OM^ o o o
o U- v. CO CO Cn j- co CNCO CM \0 m »» — rf\ ^" •— CNo 01
E
o
4)
4) *-
CD <DC > o o o o o o \0 o o \0 Cn Cn f*-i o o vO o o -3" O O -TOO
3 o o o o o o en o o CTv cr> CT> en o o en o o en o o cn o o
c u •— — ^ ^* *— ^- *— *-»
4)
-D
4)
N
v- —
4> 4~>
_o — vO cn Cn csi cm r-. O O -T o — — o o o o o o o o o O o o •
E >" CnCO vO
D <T! 'Z 1-
(0
O-
>-
4-»
o •—
V • —
N
•— — -3" cn <"A Cn cn CM -T rsu-ivs -a- o o o cm r-» -3- CM -S- \£> -T c"l
*J Z l- vO -3" cnr^N Cn |-» CM cno c"» OMA cn cn cn O enco
O fm
VI s
CD
l_
ID 41
o. O
c
>• 4)
— Dl o o r-- r- la-3- 003 " 0»0l«\ o o en O CO CM O CO ro OvDN
U. L. CM CM LTV CO CM P-» cm r-» -3" MD CM J" "•
4)
E
Ul
•o
41
4) L.
r^ o o CO o o inom SNO j- o en o o en -3 O O vO O O .
a > en c o Cn O O CTi O Cn cn o o en o en o o en cn o o o o o3 ^ »— »— •— ~- r— W» •— »— •— ^— *— ^m •—" ,^m
0- O
41
ce
•
1"
o CM -3- \o CO o CM -3
JZ •* r— •
u
c
4)
1 O
•o
•
•
4)3
C
•— *—
i
4-1 Cft
c J*
O ^-
•
u
C
CO 00 CO 00 00 00 00 CO
•
•**
-3-
-T -3- -3" 4* -3- -a- -3"
• CO IV
u
4) (5
pa o.
-Q E
13 OH o
•
•
•
THE EFFECTS OF SUBSTRATE COMPACTION AND PUPAL DEPTH ON
PARAS IT I ZAT I ON OF HOUSE FLY PUPAE
BY SPALANGIA END I US (WALKER)
by
TIMOTHY LEE WEBB
B. S., Southwestern College, Winfield, Kansas, 1975
AN ABSTRACT OF
A MASTER'S THESIS
submitted in partial fulfillment of the
requirements for the degree
MASTER OF SCIENCE
Department of Entomology
KANSAS STATE UNIVERSITY
Manhattan, Kansas
1978
Abstract
Comparisons of various levels of compaction and depth of a simu-
lated substrate were studied to determine the ability of Spalangia
endius (Walker) to narasitize house fly pupae (Musca domestica L.).
The optimum adult house fly emergence occurred from depths of 2-^t cm at
all compaction levels. As compaction and depth increased, mortality
induced by these factors also increased but adult fly emergence decreased.
The introduction of S. endius to the treatment showed a significant reduc-
tion of emerging adult flies at lower levels of compaction and depth,
however, there was no significant reduction in fly mortality. Compac-
tion influenced the penetration ability of S. endius and no significant
parasitism occurred in compaction and depth levels greater than 12 kg
and 2 cm, respectively. As compaction and depth increased, the penetra-
tion and parasi tization ability of S. endius decreased. Optimum penetra-
tion and parasitism occurred at a compaction level of kg and depth of
A cm.
